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I  THE  SIGHIPICA3JOB  OF  THE  TIME  I K TEHRELATI OH SHI PS 

I  IK  BALLI ST 0 OABDI OGRAPHI 0  AKALISIS  f 

?  ( 

| /following  i i  a  translation  of  an  article  by  Ye.  V.  Erina  ( 

I  entitled'  "O  Znachenii  Izucheniya  Yremennykh  Sootnoshenly  ■ 

|  j 

I  pri  Anallze  Ball lsiokaydiogramm"  (English  version  above)  ir| 

|  I 

|  T e rap evti che  skiy  Arkhiv  (Therapeutic  Archives),  Vol.  32,  j 

j  | 

luo.  5s  Moscow,  I960,  pages  77-85/7  j 

|  i 

I  From  the  Institute  of  Internal  Medicine  of  the  Academy 

I  j 

t 

|  of  Medical  Sciences  TJSSS  (Director-Professor  A.I-.  Myasnikovj, 

active  member  of  the  Academy  of  Medical  Sciences  USSR)*  | 

In  the  ore  sent  work  we  first  had  the  aim  of  determiniilg, 

‘  1 

the  degree  to  which  the  use  of  ballistocardiography  can  | 

? 

assist  the  early  diagnosis  of  arteriosclerosis  of  the  aortsj 

fand  narti cularly  of  coronary  arteriosclerosis.  Subsequently; 
l  '  ‘ 

we  attempted  to  clarify  the  general  abnormalities  in  the 
mechanical  work • of  the  heart  which  can  be  demonstrated  by  j 
means  of  an  analysis  of  the  time  interrelationships  of  the 
ball! stc cardiograms . 

Considerable  material  in  the  literature  has  been  j 

devoted  to  the  study  of  the  qualitative  changes  in  j 

| 

1  ballistocardiograms  in  coronary  arteriosclerosis  and  to  1 

1  | 

(attempts  to  distinguish  typical  pathological  tracings.  Thh 

I  1 

j material  on  the  study  of  the  time  Intervals  in  various  . j 


1 


diseases  of  the  heart  is  the  same  (ulTi  Vhvn&,  v*Jj*  karpm&u  | 

i  v 

|  and  •  GYf,  Sadovskaya,  Ye.K.  and  .  i.I.  Sidorenko  and  j 
•  others),  A  number  of  authors  have  expressed  doubt  as  to  ? 

I  the  expediency  of  such  an  analysis*  | 

[  t 

I  Many  authors  (Scarborough  and  co-authors,  aim  fen ,  Pierce 

[and  co-authors,  Sebastiani  and  co-authors,  and  others)  made; 
j  a  study  of  the  time  intervals  in  healthy  persons.  The  j 

J  ■  .  v 

I  factual  data  which  they  presented  are  sometimes  different,  < 

I  •  \ 

|  because  instruments  of  different  designs  were  used  by  all.  j 
\  | 

j  he  investigated  428  patients  , whom  we  divided  into  ■? 

three  groups.  j 

In  the  first  group  there  were  122  patients  with  | 

I 

:  hypertension  included,  in  the  first  and  second  stages  wlth-| 
out  any  clinical  signs  of  arteriosclerosis;  the  second  j 

I 

group  consisted  of  15*4  persons  in  whom,  hypertension  wa»  j 
associated  with  arteriosclerosis  of  the  blood  vessels  in  j 
I  different  locations.  The  third  group  was  comprised  of  152 j 
j patients  with  coronary  arteriosclerosis  without  hypertension. 

j  we  took  •  speed  ballistocardiogram  by  means  of  j 

|  *  ^  | 

I  hock’s  electromagnetic  feeler  on  a  two- channel  ink-writing  j 

£  "  l  . 

|  electrocardiograph.  Qualitative  analysis  of  the  baili  e  wo-  • 

I  cardiograms- was  made  by  the  Brown  classification  with  some  j 

*  additions  proposed  by  Lin  Cheng  and  us.  Tney  took  in  ^o  j 

I  consideration  the  qualitative  changes  of  the  various  | 

[balll  s  t  o  car  A1 0£ra.BkL&Yi&3£3^  . 1:1X011 
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[  respl  rat  cry  va^&ttMIT  '  the  ""s  e  con  tt- 

{  and  third-degree  abnormalities) ,  \ 

s  f 

■;  The  results  of  the  investigation  of  the  time  intervals 
!  are  shown  in  Table  l*  j 

l  l 

\  Table  1  [ 

‘f  $ 

|  *  Wmd  Intervals  ©a  Ballistocardiogram  f 

I  .  | 
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I  In  the  study  of  the  time  intervals  between  the  | 

I  I 

fbaliistocardiograuhio  waves  we  considered  the  main  indices  I 


[the  duration  of  the  balliatocardip.gra.pM..a...s.y^±rdjB^J±ta-.K&.^I 


-2SST#«KJ^5I  e-  -  ^ 

Table  1 
(Oont*d) 
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;  j  ■  f 

!  ffK  #L  UK 

1 

MS 

!J 

0,266  0,388  !  0,220 

! 

|  0,060 

| 

■ 

!  0,288  0,381  0,208 
!  0.28?  I  0,861  f  0,203 

liltilvl 

0,2901  9,38!  (f,m 

|  0,049 

i 

0,058 

10.280  0.380  1  0.194 

0,047 

0,056 

1  0.288  0.380  !  0,196 

0,048 

0,060 

!  0.290  6,380  0,190 

0,039 

0,063 
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! 

0,042 
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O,2§0  ;  0,363  0,175 

0,041 

6,067 
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0,053 
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0,050 
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;  0,3*6  0,419  0,212 
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0,050 
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:  1)  Ho.  examined 

0,095  j  0,090 


0,088  0.093 
0,091  0,084 
0,005  0,091 


40  64,8 

90  67,3 

24  7i  ,6 

41  67,2 

41  66,2 

50  68,7 
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2 }  average  of  subjects  (years)  { 

3)  degree  of  change  of  ballistocardiogram  f 

4 )  BX  | 

5;  Average  value  of  Intervals  in  seconds  | 

6)  RH^O.IO  second  j 

7)  HK'4  0n20  second  ! 

8)  No «  of  pts  t 

9}  ratio  of  H K  to  R K  in  %  j 

0)  healthy  | 

1}  hypertension  without  arteriosclerosis,  stages  I, 

III*  IIB 

2)  Hypertension  with  coronary  arteriosclerosis, stage  33 

stages  IIA,  HB,  II1A  j 

3)  hypertension,  stage  XII  with  coronary  arterloscleroi- 

sls  stage  III  | 

4)  hypertension  stages  II-III  with  arteriosclerosis  of! 

the  aorta  I 

5)  coronary  arteriosclerosis  stage  I  (Ischemic),  stage! 
Ill  (sclerotic);  16)  a)  did  not  have  myocardial  In-4 
f«rctionj_  17  )  Jbj  had  aul. IS)  js}  painless  mvocar-.  I 

“dla'r'Tilrosi' s . 


interval  }• ' 

i 

systole  and  the  B.  wave  031  the  electrocardiogram  ( the)  Jui  » 

interval}.* 

|  The  ballistocardiograms . of  55  healthy  people  from  19  j 

|  to  68  years  of  age  were  characterized  by'  a  considerable  j 

i 

|  distinctness  of  the  waves  and  a  constancy  of  all  the  time  s 
|  intervals.  The  UK  interval  varied  between  0,21  and  0.25 

T  j 

j  second;  the  El  interval ,  from  0.06  to  0.09  second.  } 

I  The  rules  and  regulations  which  we  determined  coincide^ 

i  '  ’  by  ! 

|  in  principle  with  data  published  in  1953  Lin  Chengi  howeveij, 

the  absolute  values  of  the  intervals  are  somewhat  di  xferentj. 

We  are  inclined,  first  of  all,  to  explain  this  by  the  fact  j 

that  feelers  of  different  types  (the  Smith  and  Lin  Cheng  j 

■  \ 

ball! st o card! o graphs 5  were  used  as  well  as  different  j 

j recording  instruments  *  Secondly ,  we  believed  that  vexy  j 

j  large  average  values  for  BH  were  recorded  by  Lin  uhenw,  | 

j because  he  took  the  first  of  the  two  peaks  of  the  split  J 

|  wave  as  the  H  wave.  As  is  well  known,  the  latter  is 

1  encountered  quite  often  in  modified  tracings  (third-and 
i  .  . 

!  fourth- degree  abnormality  according  to  Brown; .  < 

|  - 
i  Like  Lin  Cheng  we  found  that  the  abnormalities  or  1 

’  "  '  j 

the  ballistocardiogram,  reflecting  disturbance  in  the  j 

\ 

contractile  function  of  the  heart,  increase  In  frequency  arid 

jin  their  degree  of  expression  with  the  development  of  hypexf- 

]  '  -  ^ 

| tension  and  the  progress  of  coronary 


h 


.  same  directions  of  these  at/noraialltles  are  expXairtea,  : 

j  obviously,  by  the  fact  that  in  both  forms  ©f  vascular  path-! 

|  ology  coronary  insufficiency  of  varying  degrees  exists. 

I  In  Table  1  we  specially  separated  a  small  group  of  f 

|  j 

\  patients  in  whom  the  development  of  arteriosclerotic  myo~  | 

f  '  ( 

j  cardial  fibrosis  had  proceeded  without  any  clinical  signs  j 

}‘  | 

\  of  coronary  insufficiency  from  the  group  of  patients  with  '  j 

f  '  .  .  •  T 

J 

j  coronary  arteriosclerosis  In  the  third  stage.  They  showed-. 

|  essential  differences  In  the  nature  of  the  ballietoeardio-  \ 

|  c 

|  graphic  changes.  We  shall  dwell  on  the  explanation  of  i 

|  these  char act eristics  somewhat  later.  ] 

j  From  Table  1  it  is  seen  that  the  BE  interval  gradual!^ 

|  ‘ 

and  regularly  increases  in  size  with  the  development  of  | 

f  ’  "  ! 

|  hypertension  and  the  superimposition  of  coronary  arterio-  j 
[  sclerosis.  The  seme  thing  is  found  in  patients  with  ! 

I  I 

j  coronary  sclerosis  in  various  .stages, 

!  The  greatest  values  of  BH  are  noted  in  arteriosclerotic 

I  1 

f  myocardial  fibrosis  in  people  who  have  sustained  a  myo* 

!  1 

1  cardial  infarction  and  particularly  in  patients  in  whom  tn4 

.  ,  | 

ray  o  car  dial  fibrosis  is  combined  with  hypertension  (the  RH  j 

in  rare  cases  reached  0,15*0,17  second}*  ! 

I 

As  far  as  the  systolic  ballistocardiographic  complex  j 

i 

!;  i 

[  is  concerned  its  duration  decreased  with  the  development  of 

ff  .  I 

|  hypertension.  The  greatest  shortening  of  the  HK  interval  j 

1  ^ 

1 . .( .0 .17  5... 


Jies  are  expxairtea, 


,  hy perien-sli^t^^  $ 1  '6TXhe  idHr^touFanTf 

j  signs ’of  coronary  arteriosclerosis*  It  is  noteworthy  that  [ 

1  qualitative  ballistocardiographic  changes  in  these  patients 

$ 

|  ¥ere  expressed  to  a  considerably  lesser  degree  than  in  l 

i  .  | 

|  patients  with  hypertension,-  stages  II  and  III,  which  were  j 

?  4 

(  associated  with  coronary  sclerosis  in  the  ischemic  stage*  i 

|  l 

l  In  1958,  we  reported  on  material  concerning  the  i 

|  ''  j 

comparison  of  indices  produced  by  several  methods,  which  i 

|  ■  :? 

j  assisted  in  the  diagnosis  of  arteriosclerosis  of  the  aortal 

I  j 

|  (roentgenokymographic  data  of  the  thoracic  aorta  and  of  thef 

|  rate  of  propagation  of  the  pulse  wave  were  compared  with  j 

l  the  magnitude  of  the  ballistocardiographic  systolic  complex}) 

I  ^  * 

We  showed  quite  a  distinct  parallelism  between  the  indices  ; 

- 

of  these  methods,  particularly  in  the  last  two.  This  made 

it  possible  for  us  to  consider  a  shortening  of  the  HK  to 

less  than  0.20  second  a  quite  reliable  sign  of  reduction  ir 

j 

|  the  elasticity  of  the  aorta* 

As  far  as  the  other  time  intervals  in  the  hallisto- 

!  I 

cardiogram,  are  concerned  the  striking  constancy  of  the  v&lufe 
of  the  EL  in  patients  with  hypertension  in  all  groups  j 

attracts  attention,  although  there  were  definite  differences 
in  the  other  intervals  of  the  systolic  complex.  \ 

;  We  did  not  find  any  regular  shortening  in  the  IJ,  whicjh 

1 

Jones  and  Goulder  considered  characteristic  of  arterio-  I 

•  1 

.  ..■w/b.s  .  .found? 
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<****■**»*• 


quite  distinctly 

;■  l 

I  * 

normal  value  of  0.06  second  it  decreased  to  0.039  second  iij 

I  third  stage  hypertension) . 

j  In  Table  1  the  frequency  of  the  changes  in  the  HH  and  j 

1  | 

j  HK  intervals  is  also  presented*  As  is  seen  from  the  data  j 
|  presented  In  it*  the  frequency  of  lengthening  of  the  HH 

f  j 

I  interval  increases  with  the  progress  of  hypertension,  j 
\  coronary  arteriosclerosis  and  the  development  of  myocardial 

J  fibrosis.  j 

!  Shortening  of  the  HK  was  found  in  62-76  percent  of  the 

I  patients  with  hypertension,  stages  II  and  III  with  signs  of 

| 

;  coronary  arteriosclerosis,  and  in  90  percent  of  the  patients 

f 

with  clinically  determinable  Isolated,  arteriosclerosis  of  j 

1 

|  the  aorta.  .  f 

j  ? 

j  It  is  important  to  note  that  in  patients  with  hyper-  \ 

[ 

I  tension  without  any  clinical  signs  of  arteriosclerosis  j 

#  * 

I  arteriosclerosis  of  the  aorta  very  frequently  was  found  by j 

|  ,  | 

results  of  investigation  using  a  number  of  methods.  j 

| 

Specifically,  according  to  the  ballistocardiographic  data  f 

.  I 

4' 

in  patients  with,  hypertension,  stages  IIA  and  IIB,  it  was  j 
\  ? 

|  found,  respectively,  in  40  and  60  percent  of  the  cases.  j 

|  We  considered  such  data  the  very  initial  signs  of  the  j 

I  1 

I  pre clinical  stage  of  development  of  arteriosclerosis  of  thej 


aorta 


It  was  interesting  to  study  the  freguengjr 
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I  a'6®^  *  •  ^‘O^essor  A, I,  ■  Myaenikov  indicated  at  the  f 
j  J?irst  A'Ll“Ru88lan  0 egress  of  Internists,  only  pathologicaJ 
Investigations  give  ns,  at  the  present  time,  some  idea  of  1 
|  zhQ  earlJ‘  manifestations  of  'arteriosclerosis.  They  showed  | 

|  that  lipoidoeis  of  the  aorta  is  encountered  even  at  the  agej 
!  of  2 5“ 30,  and  this  may  he  considered  a  "prologue  of  artericl 

I  '  ■  'w  $ 

i  sclerosis",.  f 

I  f 

j  *G  our  investigations  the  signs  of  decrease  In  aortic  ! 
j  elasticity,  that  is,  shortening  of  the  HK,  were  found  in  f 
solitary  cases  among  patients  under  30  years  of  age  and  in  | 
one- third  of  the  patients  from  31  to  40  years  of  age  j 

( Table  2),  This  change  correlates  with  the  increase  in  the! 
rafc®  01  Propagation  of  the  pulse  wave  In  the  majority  of  J 

tnese  patients.  Therefore,  by  means  of  ballistocardiography 
the  premorbid  stage  of  arteriosclerosis  of  the'  aorta  may  bj 

I  demonstrated.  | 

I 

fJ?b.e  question  arises,  does  not  the  shortening  in  the 
{  8y8toll°  00fflPlex»  KK,  :ln  young  patients  with  hypertension 
|  depend  or,  hypertrophy  of  the  left  ventricle— this  early  andj 
typical  sign  of  hypertension?  Por  the  purpose  of  throwing  j 
light  on  this  we  examined  15  athletes  from  19  to  40  years  I 
|of  age  with  a  norffial  blood  pressure  and  a  pronounced  left  \ 

I  ventricular  hypertrophy.  lone  of  them  showed  a.  shortening  1 

jj  ^ 


■«*#*»*& 


<  fable  2 

j Ballistocardiographic  Time  Intervals  in  Yeung  Hypertensive  Patients 
f  and  in  Athletes 
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Tills  is  the  *>  0*252  f 

second,  which  was  found  by  7.T.  Barefcanshehlkov  and  J 

co-authors  in  the  examination  of  104  athletes.  ■ 

Therefore,  isolated,  hypertrophy  of  the  xeit  /enurxold  j 
was  characterized  by  a  certain  lengthening  of  balllsto-  j 
cardiographic  systole,  and  the  combination  of  hypertrophy  j 
with  a  reduction  in  the  elasticity  of  the  a0->-  ta»  with  &  | 

shortening  of  it.  In  addition,  the  ballistocardiograms  of j 
t  athletes  were  different  from  the  ballistocardiograms  of  j 
!•  healthy  persons  who  did  not  engage  in  athletics  in  the  j 

j  relatively  tall  and  broadened  L  wave.  j 

j  As  far  as  tlie  change  in  the  HK  interval  is  concerned,  j 

|  m  patients  with  coronary  arteriosclerosis  (see  Table  l) ,  | 

■  shortening  of  it  was  encountered  less  often >  than  in  hyper- j 
tension.  The  same  thing  was  noted  in  patients  with  hyper- 
j  tension  and  myocardial  fibrosis,  in  whom  a  normal  or  even 
j  widened  HK  Interval  (to  0.30  second)  was  found.  At  the  j 

j  same  time,  according  to  data  obtained  by  means  of  other  j 

S  instrumental  methods,  arteriosclerosis  of  the  aorta  va*  f 

l  I 

|  diagnosed  in  all  these  patients.  j 

|  An  analysis  of  the  cauc.es  of  this  discrepancy  in  the  j 

j  criteria  of  various  methods  arid  &  comparison  of  this  dis-  j 
\  crapancy  with  the  clinical  data  showed  that  lengthening  of j 
j  the  systolic  portion  of  the  ballistocardiogram  in  patients j 
|  «or»  >>e  considered  an  index  of  serigmg....^ 
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contractile  function  ol  the  r&yoc.armum  ana  the  aeveJLOpment  * 
|  of  myocardial  fibrosis.  In  the  majority  of  cases  this  | 

I  . 

f  change  was  associated  with  a  considerable  delay  in.  the 
I  onset  of  ballistocardiographic  systole  and  pronounced  \ 

j  qualitative  changes  in  the  -tracings  ( third-fourth-degree  [ 

j  according  to  Brown)  with,  a  marked  reduction  of  the  ampli-  ? 

I  '  I 

•  {  tude  and  splitting  of  the  waves,  particularly  the  H,  I,  K  \ 
?  ' 

i  (Fig,  l)«  j 


»j  *,t  “j 

ft  a  .  A®  ,  _  AL.  ft  ' 


lyst  Mvy 


i 

|  'Pig*  1*  Ballietooardiogram  of  Patient  8,,  age  51  (Diagnosis: 

|  Artoyioseleretie  Myocardial  Fibrosis;  Chronic  Coronary  Insufficiency) 

)  third-degree  changes,  RH*0.t4  second;  HK«0,24  second , 

i 

t  ?. 

i  In  the  majority  of  patients  with  myocardial  fibrosis  { 

§  I 

|  a  very  great  variation  was  noted  both  in  the  configuration! 

|  of  th e  systoi i ©  complexes  and  in  all  the  time  intervals  ini 
i  ’  "  j 

I  various  phases  of  respiration  ( shortening  in  the  phase  of  j 

i 

|  inspiration  and  marked  lengthening  in  the  phase  of  expiration 

i  *"  i 


I  the  differences  reached  0,0 8  se 


We  consider  these 


I  changes  an  additional  unfavorable  sign  indicating  functional 

|  .  ■  I 

iJLaaa££jL&ia»^  - — - - - ^ 


ii 


"'•** — '  ’Wtuibe  of  the  talHs'iocamo, 
graphic  changes  were  found  In  patients  with  arteriosclerotic 
myocardial  fibrosis  who  had  never  suffered  from  .anginal 
attacks  (Pig.  2).  Among  them  pronounced  ball Istocar die-  * 

j 

j 

graphic  changes  were  encountered  lees  often.  While  j 

tracings  showing  third-  and  fourth-degree  abnormal! ties  » 


I 

according  to  Brown  were  noted  in  the  first  stage  of  | 

arteriosclerosis  in  40  percent  of  the  patients  and  in  81  t 

<s 

percent  in  the  third  stage,  in  painless  myocardial  fibrosis 

*  "  .  j 

4 

they  were  noted  in  only  20  percent.  \ 


lAocn  wW\- wj'***—^* 


i  Pis?' 


|  eheage  woording  to  firavot  RH*0.11  eesena;  BX*0.20  secoau.  j 

As  far  as  the  frequency  of  changes  in  the  basic  time  j 
'  | 
intervals  is  concerned,  jii&t  as  in  the  case  oi  the  other  j 

patients  with  myocardial  fibrosis,  in  half  of  them  a  j 

I  lengthening  of  the  RH  interval  and  shortening  of  the  EK  j 

I  interval  were  found.  This  is  evidence,  in  our  opinion, 

t 


the  fact  that  varying  degrees  of  coronary  insufficiency  ar| 
I  most  important  in  the  origin  of  the  ballistocardiographic  j 
j  changes.  | 


pm,- 


ns-JLoJ 
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the" change  in  the  time 


problem,  namely,  whether  various  intervals  reflect,  certain! 

|  phases  of  cardiac  activity.  Prom,  the  physiological  view- 
1  point,  is  it  justifiable  to  designate  the  HK  interval  j 

I  '  I 

1  "hemodynamic  systole",  as  some  authors  do  (Sebastian!  and  ? 

1  co-authors »  de  Simone  and  others)?  In  order  to  clarify  j 

|  I 

\  this,  we  recorded  a  ballistocardiogram  and  a  phono car dio-  j 

f  * 

!  gram  simultaneously.  I 

1  j 

1  I 

I  he  succeeded  in  determining  that  the  peak  of  the  H  f 

1  -  i 

I  begins  somewhat  after'  the  onset  of  the  first  sound;  the  K  ^ 

I  w  f 

$  « 

I  wave  always  precedes  the  onset  of  the  second  sound,  and  th£ 

I  end  of  it  almost  coincides  with  the  L  peak.  However,  with! 

1  .  :f 

!  the  use  of  a  low-frequency  phonocardiograph,  using  an  inlc-j 

j  *  1 

writing  "Galileo"  electrocardiograph,  we  can  judge  only  the 
beginning  of  the  first  sound,  caused  by  the  closure  of  the) 

....j  f 

i 

j  mitral  valve,  but  we  cannot  accurately  determine  the  moment 
j  of  opening  of  the  semilunar  valves,  that  is,  the  end  of  thp 
j  phase  of  isometric  tension  and  the  beginning  of  expulsion  | 

i 

|  of  blood.  We  were  specifically  interested  in  the  latter,  j 

I  A  number  of  authors,  including  Ye.B.  Babskiy  and.  Y.L.f 

l  j 

|  Karpman,  point  out  that  the  phases  of  the  cardiac  cycle  { 

I 

I  cannot  be  analysed  from  the  ballistocardiogram  in  contrast 

j  .  I 

jj  to  the  dynamocar dl ogram ,  because  they  record  different  j 

|  mechanical  nrocesses.  ! 

I  | 

|  These  conclusions  were  made  oiy  tiiq.  ba.si.s_s£^ — - J 
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I 


t 

the  displacements  recorded  by  means  of  a  low-frequency  , 

r  ; 

!  dvramornetric  table*  However*  a.  compari s ok.  ox  our  a. a ctual 

j  data  computed  from  a  speed  ballistocardiogram  (with  the  usf. 

j  of  &  Dock  feeler),  with  the  duration  of  the  phases  of  cardiac 

j  activity  according  to  tlie  data  of  dynamo  cardiography ,  proves 

(  f 

i  the  opposite.  •  f 

i  i 

|  xrx  Table  3  the  time  intervals  on  the  ball! stooardio-  i 

1  scram  are  shown  for  healthy  persons  and  the  dynamocardio-  | 

|  to  *  i 

I  C 

1  ^achio  data.  One  cannot  help  but  note  the  striking  agreef 

I  0~  J’ 

merit  of  the  values  which  have  the  same  physi ologlc&x  j 

:j 

sl^nifl  cance.  Thus,  the  systolic  complex  HK  in  healthy  | 

. .  '  | 

persons  under  40  years  of  age. is  identical  with  the  j 

1 

emulsion  phase  calculated  from  the  dynamo c ar  di 0& ram  of  j 
healthy  persons  of  the  same  age.  The  duration  of  mechanical 
I  systole  of  the  ventricles  and  the  RK  interval  are  almost 

'f.  -  </ 

|  equal  also.  The  same  agreement  of  values  with  respect  to  j 
|  s 

I  the  nhace  of  Isometric  tension  and  the  RR  interval  axso  j 

|  pyi  sts«  This  correlation  is  reinforced  by  data  of  perxoark 

|  ■  xu  | 

|  rheography ,  according  to  which  the  tension  phase,  on  the  j 

average,  is  equal  to  0.075  second  (Yu.T.  Pushkar’ ) .  j 

This  agreement  once  again  confirms  diggers 1  principle j 

I 

|  that  the  peak  of  the  R  quite  accurately  reflects  the  onset j 

I  s 

|  of  mechanical  systole.  In  this  connection,  it  is  no so  j 

i  | 

I I  c onven  1  ent  to  calculate  from  the... .& 


ac 


,  _ cax  b,wj.u«vj.v«  , 

'  Includes  the  propagation  or  | 

through  the  cardiac  muscle.  Therefore,  we  ooBsldered  a  | 

calculation  of  the  SB  interval  from  the  ballistocardiogram 

Important,  since  it  permits  us  to  demonstrate  the  various 

'  relationships  between  the  time  of  electrical  excitation  ant 

the  mechanical  response  of  the  cardiac  muscle.  We  agree 

with  other  authors  (Sebdstttatu--  Un  Cheng  and  others)  tha| 

SH  is  the  most  important  interval  in  the  physiological 

senses  It  gives  us  an  idea  of  the  time  which  is  required 

by  the  cardiac  muscle  for  the  conversion  of  the  energy  of 

contraction  into  the  energy  of  pressure  and  expulsion  of 

blood* 


It  might  be  expected  that  the  8H  interval  would  be 
lengthened  in  various  heart  diseases  associated  with  a 
weakening  of  the  cardiac  muscle.  Our  data  confirm  this 
situation  with  regard  to  patients  with  hypertension  and 

' ; _  _ _ _ _ _ _ 
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'  We  •  have" 

f  '  ‘  '  f 

|  that  the  peak  of  the  H  coincides  with  the  end  of  the  tension 

I 

i  phaae  and  the  beginning:  of  expulsion  of  blood  from  the 
* 

|  heart  by  means  of  a  simultaneous  recording  of  a  in  Hi  a  to-*  \ 

l  a 

|  cardiogram,  electrocardiogram,  and  a  plezogram  of  the 
1  carotid  artery:  variations  of  pressure  in  the  aorta  reflect 
I  on  the  latter,  and  the  onset  of  the  rapid  expulsion  of  ] 

)  blood  is  very  distinctly  demonstrated.  We  calculated  the  \ 

\  .  .  i 

|  time  from  the  R  wave  of  the  electrocardiogram  to  the  begin*! 

i  .  i 

j  nlng  of  the  abrupt  rise  in  pressure  in  the  carotid  artery  I 
|  and  designated  if  E-eJ.  1 

|  In  50  persons  whom  we  examined  for  this  purpose  the  | 

|  E-ej  interval,  on  the  average ,  was  0.095  second;  the  EE,  J 

j  | 

I  0,035  second  (Fig,  3).  As  is  seen,  R~e3  is  very  slightly  | 

|  different  from  EH,  by  0,01  second  (from  0  to  0,02  second) , | 

|  that  is,  the  peak  of  the  H  almost  coincides  with  the  begin*!* 

|  '  | 

!  ning  of  .expulsion  of  blood  into  the  aorta.  The  fact  that  j 

\  ! 

I  H  somewhat  outstrips  the  rise  in  pressure  in  the  carotid  \ 

t  '  1 

I  artery  is  natural,  because  systole  of  the  right  ventricle  i 

[  \ 

t  \ 

1  begins  earlier  than  that  of  the  left.  In  patients  with  ; 

i  j 

|  \ 

\  arteriosclerosis  of  the  aorta  this  interval  approaches  0,  \ 

\  .  ? 

Sometimes  the  rise  in  the  carotid  pulse  preceded  the  I 

i  1  | 

i  ^ 

I  split  peak  of  the  H,  which  might  indicate  a  delay  in  | 

I  | 

I  emulsion  of  blood  from  the  right  ventricle,  t 


Therefore ,  through  th 


LjjtJbha.4a*^l  sal  Jwmcte@4 


emf^SW. 


1 

4. 


j  supplement  the  ballistocardiographic  data  and  .determine  thfj 
1  degree  of  lack  of 'coordination  in  the  cardiac  activity  J 

(asynchrony  of  expulsion  from  the  ventricles) *  This  prove^ 
:  that  the  ballistocardiographic  method  can  to  a  certain  { 

h  L 

V  % 

[  degree  be  used  for  the  objective  evaluation  of  the  phases  ■ 

|  ■  j 

|  of  the  cardiac  cycle*  ! 


Ki'J  1 


Fig*  J.  Simultaneous  SecordiMg  of  Piessograsi  of  carotid  Artery  end  j 
Ballistoeapdiogyaa  (with  SuperpoiMen  of  R  wave  of  BBS)  i®  Healthy 
Person,  age  18*  R-H*0.QS5  second?  R-«3«$*095  second?  RI-O.lw  second.  j 

.  I 

t 

■  I 

This  conclusion  Is  in  agreement  with  the  observations  j 

of  Sebastian!  and  others,  who  on  the  basis  of  a  comparison  $ 

I  of  the  ballistocardiographic  and  el e c trokyuaographi c  data  j 

I  .  1 

j  concluded  that  the  QH  interval  (or  RE  Interval)  can- serve  j 

j  as  a  measure  of  the  tension  phase  of  the  ventricles*  j 

j  ? 

J  ife  considered  the  HE  interval  as  corresponding  to  the; 

|  period  of  expulsion  from  the  ventricles;  the  E-second  \ 

j*  •  | 

I  sound-interval ,  to  the.  protodiastolic  period;  and  the  BE,  j 
I  '  I 

1 to  ^chaniffi,i&(L„£qLa.t.oliL/i _ 


opinion  of  Sebastian! ,  who  considers  ft  possible  to  i 

evaluate  the  duration  of  mechanical  systole  by  the  G-K  j 

f 

Interval  and  suggested  a  formula  similar  to  3asett*s 

* 

formula  for  deriving  the  absolute  values  in  accordance  witji 

i 

the  rate  of  cardiac  contraction.  .  } 

Since  the  G  wave  of  the  ballistocardiogram  is  demonstrated 

i 

e 

with  difficulty  and  is  very  closely  related  temporally  vxitfi 
the  E  wave  of  the  electrocardiogram,  we  believe  that  the  \ 

same  thing  can  be  done  by  calculating  the  EEC.  The  normal  j 

% 

k 

values  of  these  intervals  are  quite  similar.  | 

j 

In  clinical  practice  it  is  not  always  enough  to  know  I 

j 

the  absolute  values  of  the  duration  of  mechanical  systole  ,j 
because  it  changes  in  dependence  on  the  cardiac  rate.  Fori 
the  purpose  of  evaluating  the  functional  condition  of  the  : 
cardiac  muscle  the  relative  indices  are  of  greater  import¬ 
ances  for  example,  the  ratio  of  the  duration  of  the  expulsion 
phase  from  the  ventricles  to  the  duration  of  mechanical 
systole.  It  characterises  the  intrasystolic  index.  A 
reduction  of  it  attests  to  the  low  degree  of  efficacy  of 

I 

cardiac  contraction.  According  to  the  data  of  V,L.  Karpraa|,, 
normally  if  amounts  to  74.6  percent;  according  to  our  data| 

74.3  percent,  I 


I  With  the  development  of  hypertension  and  arteriosclerosis 

|  *  ■  I 

I  a  gradual  lengthening  occurs  in  mechanical  systole  and  a  | 

|  I 


tiS 


o  c  curred  in ' 


narts 


TOT 


|  with  myocardial  fibrosis  who  had  had  a  myocardial  infarction, 
■'  This  index  is  in  good  correlation  with  clinical  observations 
I  which  attest  to  the  considerable  frequency  of  development  I 

j  j 

|  of  cardiac  insufficiency  in  such,  patients*  j 

\  £ 

i  •  Conclusions 

I  | 

1.  Study  of  the  time  relationships  is  a  very  valuable 

f  method  which  considerably  supplements  the  characterization. 

f  of  Qualitative  changes  in  the  ballistocardiogram  and  1 

|  **■  | 

!  broadens  the  diagnostic,  possibilities  of  ballistocsrdxo- 

s 


graphy 


j  2,  The  degree  of  increase  in  the  EH  interval,  that  j 

I  “  ! 

I  is.  the  delay  between  the  beginning  of  he mo dynamic  systole ] 

i  I 

|  after  electrical  systole,  is  of  diagnostic  significance  inj 

hypertension  and  arteriosclerosis  and  reflects  the  degree  \ 

of  development  of  myocardial  fibrosis.  j 

j  3,  Shortening  of  the  systolic  complex  (HK  interval)  j 

i  .. 

l  i 

|  is  a  reliable  sign  of  arteriosclerosis  of  the  aorta.  j 

I  4.  A  comparison  of  our  data  with  the  data  of  dynamo- I 

J 

|  cardiography  showed  that-  ballistocardiography  can  he  used  j 
j  for  the  determination  of  the  duration  of  certain  phases  off 

\  j 

|  the  cardiac  cycle  (phases  of  tension  and  of  expulsion  ox  I 

j  I 

|  the  ventricles).  \ 

1  5.  The  intraeystolic  index,  that  is,  the  ratio  betveln 

r  ' 

J  | 

|  th e  pe rip d  o f_^expulsion  ana  the  entire, 


£ 

possible  objectively  to  evaluate  the  strength,  of  cardiac  j 

contractions  in  various  cardiovascular  diseases.  j 

6»  The  diagnostic  possibilities  of  ballistocardio-  i 

i 

graphy  increase  with  the  simultaneous  recording  of  the  j 
other  hemodynamic  processes,  particularly  variations  of  • 
pressure  in 'the  carotid  artery  and  of  the  heart  sounds.  j 
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